Abstract.
Introduction
A unique characteristic of the North Indian Ocean is that the seasonal cycle of phyto-25 plankton is characterized by two growth periods. The most singular occurs in summer, 26 the other in winter (e. g. Banse, 1987) . This contrasts with seasonal cycles in most part 27 of the ocean, where phytoplankton bloom in winter-spring, production relaxes toward 28 oligotrophy in summer and in some locations a fall bloom develops.
29
It is now fairly well established that these two distinct periods of elevated biological The aim of this paper is to advance the understanding of the patterns of phytoplankton 44 seasonality in the Indian Ocean and to comment on the driving physical mechanisms. 
77
The main shortcoming of the standard-processed SeaWiFS data set is that it contains 78 extensive data gaps, especially over the north Arabian Sea for a good part of the summer 79 monsoon (Banzon et al., 2004) . This is due to cloudiness and to dust storms in the region 80 from June to August, precluding good satellite-derived chlorophyll retrievals. Neverthe-81 less, we found that, given our scales of interest, we could interpolate reasonably over the 
91
The interpolated climatology is available online at http://www.nio.org. It is worth 92 noting that the large-scale temporal and spatial averaging precludes the examination of 93 the role of fine-scale events like filaments or eddies.
94

The physical model
We used outputs from the NEMO OGCM in its global configuration ORCA05
95
(http://www.locean-ipsl.upmc.fr/NEMO). The model run that we used is an updated terms of the number of significant peaks (one or two), their timing, and their magnitude.
112
The general pattern is that phytoplankton peak after the onset of the summer and of the 113 winter monsoons, and are minimum during the inter-monsoon periods in spring and in 114 fall.
115
Usually, for the Indian Ocean, the seasonal cycle of SCHL is described by means of 116 monthly climatologies, typically for January/February, April/May, July/August, and Oc- is best suited to identify temporal shifts, but can hardly be used to identify regional 128 characteristics since the boxes are chosen a priori.
129
The method that we present here allows for a quantitative and regional description of the 
133
The first parameter is the bloom onset time (t min , circles in Figure 2 we defined t max as the time of the bloom peak (SCHL maximum, stars in Figure 2 ). In 138 each pixel, the bloom period was defined as the time interval t min to t max .
139
The second important parameter is the Cumulated Increase in Chlorophyll (CIC), which constant, as in such cases, phytoplankton growth and losses balance each other.
148
In the following, we refer to "summer blooms" for blooms that peak between 15 May In practice, in each location, our algorithm starts by searching SCHL 
160
In some instances, we could not find an SCHL maximum both during winter and during 161 summer. These instances correspond to cases with a unique bloom along the seasonal 162 cycle. The white areas in Figure 3b show the locations where no winter bloom could 163 be found (an example of this situation is that of station F, Figure 2 ). There are also 
168
In the more general case of two blooms, the algorithm searched for t 
171
Note that the time of the bloom peak t max was constrained within a prescribed 6-month where the bloom is nutrient-limited and regions where it is not (or is less nutrient-limited).
212
When available, we will use additional published information to corroborate the mech- by the cells is too low; the bloom can only occur in spring, when the mixed-layer stratifies.
221
It is presumable (and it has previously been suggested (Marra and Barber, 2005) 
Seasonal cycles of phytoplankton
In this section, we describe the phytoplankton blooms in the Indian Ocean on the basis 
241
There were large regional contrasts in the intensity of the summer and winter blooms.
242
During summer (Figure 3a) , the main bloom areas were along the coasts of the Arabian In contrast, within the regions around India, in the Lakshadweep Sea, and around Sri 304 Lanka, the seasonal signal was completely dominated by the summer bloom (Figure 5d ).
305
There was no winter bloom, in the sense that there was no significant increase of SCHL (December-January), is the continuation of the decay of the summer bloom.
310
In the Bay of Bengal, the winter and summer bloom regions were quite distinct. Conse- 
318
In the southern hemisphere, the Tropical Band was characterized by a slow increase 319 of SCHL from January to the end of August (Figure 5f ). Off the coast of Indonesia,
320
there was also one significant bloom, which started increasing in June (Figure 5e ). In the
321
Madagascar and Mozambique Channel regions, there was a small increase of SCHL from 322 December to March, followed by a slow decrease during the rest of the year, with some 323 weak fluctuations (Figure 5l ).
324
Besides, the reconstruction of the seasonal cycles enabled the identification of significant 
336
These bloom regions are now described in more details and summarized in Table 2 . 
Physical driving mechanisms of summer blooms
In summer, the most obvious event is the prominent phytoplankton bloom extending 
386
Note that minima in photosynthetic available radiation were reported during the sum- Figure 5b ).
432
The bloom in the North Arabian Sea, along the coast off Pakistan, was the last to 433 start (arrow in Figure 5a ). One factor associated with the timing this bloom could be the 
450
The offshore extension of the bloom around India was restricted to the marginal Lak- 
Physical driving mechanisms of winter blooms
The strongest manifestation of the winter monsoon in terms of CIC was in the North
507
Arabian Sea (Figure 3b ). Previous observational reports of this event can be found in that the North Arabian Sea bloom is yet not well understood and needs to receive greater 551 attention in future analyses.
552
The Bay of Bengal is also dominantly affected by downward Ekman pumping (Fig-553 ure 4d). The MLD convection pattern is similar to that of the Arabian Sea, although be the result of upwelling, or due to river discharge, and a smaller scale study would be 573 needed to elucidate the processes.
574
Finally, in the Malacca Strait region, the upwelling mechanism was also suggested by 575 Tan et al (2006) on the basis of wind-stress curl analysis. We believe that this region,
576
characterized by its shallow topography, would also require a dedicated study. 
608
This study has delimited the boundaries of the major bloom regions in the Indian Ocean.
609
This should facilitate the track design of oceanographic surveys. It should also provide a 610 framework for the analysis of interannual variability.
611
Our analysis highlights that, contrary to most parts of the world ocean, the bio-physical 612 provinces of the Indian Ocean vary tremendously from summer to winter. This is because 613 the summer and winter monsoon winds drive distinct regional responses in the ocean.
614
This study is one of the few using outputs from a physical OGCM to attempt to diagnose but should be feasible with data from individual years.
634
Given these limitations, the method allows consideration of a certain number of mech-
635
anisms to explain the bloom patterns, and this attempt should be regarded as a roadmap 636 for future research in the Indian Ocean basin.
637
To end with, an interesting outcome of this study is that the signature of horizontal where no bloom is detected during the given semester are shown as missing data (white areas).
In (c) and (d), areas of low CIC variability (purple areas in (a) and (b)) have been masked.
CIC are shown in log scale, and expressed in log 10(mgChl/m 3 8d) (8 days is the frequency of the SeaWiFs climatology). Time is expressed in month, and each month is associated with one color. The month color bar is only applicable to panels c and d, and has no bearing on e and f.
Acronyms on panels e and f are defined in the caption of Table 1 . 
